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(54) Optical recording medium 

(57) An optical recording medium includes a sub- 
strate, a first protection layer formed on the substrate, a 
recording layer formed on the first protection layer, a 
second protection layer formed on the recording layer, 
and a reflection heat radiating layer formed on the sec- 
ond protection layer. The recording layer is of a phase- 
change type in which the recording layer is changed 
from an amorphous state to a crystal state by a temper- 



ature raising and cooling process by projecting a laser 
beam onto the recording layer. The recording layer has 
an interface portion interfaced with one of the first and 
second protection layers. The interface portion has a 
thermal conductivity lower than that of a remaining por- 
tion of the recording layer. 
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Description 

BACKGR OUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to optical 
recording media, and more particularly to a phase- 
change type optical recording medium such as a phase- 
change type optical disk. In which an optical change is 
caused in a substance of a recording layer by projecting 
a light beam thereon to thereby record information on 
the recording layer and reproduce information therefrom 
and to erase and rewrite information. 

2. Description of the Related Art 

A phase-change type optical recording medium is 
well known which utilizes a transition between a crystal 
phase and an amorphous phase or a transition between 
a crystal phase and another crystal phase. Such a 
phase-change type optical recording medium is an 
information recordable, reproducible and rewritable 
medium. More particularly information can be overwrit- 
ten onto the phase-change type optical recording 
medium by a single light beam, and the medium can be 
driven by a. simple optical drive system. Since the 
phase-change type optical recording medium has the 
above features, It is applied as a recording medium in 
the computer-related fields and video/acoustic fields. 
The following are known as the recording substance: 
GeTe, GeTeSe. GeTeS, GeSeS, GeSeSb. GeAsSe, 
InTe. SeTe. SeAs, Ge-Te-(Sn, Au. Pd). GeTeSeSb! 
GeTeSb, Ag-ln-Sb-Te. 

Japanese Unexamined Patent Publication No. 57- 
208648 discloses a recording layer buried in a mother 
substance of SiOg or the like in order to suppress a non- 
reversible change of the recording substance. Particu- 
larly the recording substance of Ag-ln-Sb-Te has a fea- 
ture in which it is highly sensitive and the contour of an 
amorphous portion is definite, and is thus applied to 
mark-edge recording (see Japanese Unexamined Pat- 
ent Publication Nos. 2-37466, 2-171325, 2-415581 and 
4-141485). 

A multilayer structure including the recording layer 
made of the above recording substance is known. Such 
a multilayer structure includes, in addition to the record- 
ing layer, a reflection layer, a first protection layer and a 
second protection layer. Nowadays, it is required for the 
multilayer recording medium that the repetitive record- 
ing performance be improved and the recording per- 
formance be compatible with other performances such 
as the degree of modulation and given reflection rate. 

Regarding the above requirement, the following 
documents show that a flow of the recording layer is 
suppressed and the repetitive recording performance 
can be improved by adding nitrogen (N) or the like to the 
recording layer: Japanese Unexamined Patent Publica- 



tion Nos. 4-11336. 4-10980, 4-10979, 4-52188 and 4- 
52189. 

An optical recording medium specifically applied to 
a less-expensive optical recording system having a rel- 
5 atively low recording linear velocity or used as an optical 
recording medium (CD-RW: compact Disk Rewritable) 
that is reproduction-compatible with the CD (Compact 
Disk) has a limited number of times that information can 
be repeatedly recorded, normally, hundreds to millions 
10 of times. This Is because the recording layer is flowed or 
a film of the multilayer structure is flaked off due to a 
thermal shock caused at the time of projecting the laser 
beam thereon or because a metal used for the reflection 
layer is degraded. Such a limited number of times that 
IS information can be repeatedly recorded is not suitable 
for an application in which rewriting is frequently carried 
out, for example, peripheral devices of the computer 
system. Further, it is desired that the recording sensitiv- 
ity be improved in order to reduce the production cost. 

20 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to pro- 
vide an optical recording medium in which the above 
25 disadvantages are eliminated. 

A more specific object of the present invention is to 
provide an optical recording medium which is highly 
sensitive at a recording linear velocity as low as 10 m/s 
or loss. 

30 Another object of the present invention is to provide 
an optical recording medium which is highly sensitive 
and has improved repetitive recording performance at a 
relatively low recording linear velocity 

A further object of the present invention is to pro- 
35 vide an optical recording medium which has improved 
optical performance, particularly an improvement in the 
degree of modulation and reliability of the repetitive 
reproduction, the optical performance being little 
degraded while the medium is preserved for a long 
40 term. 

The above objects of the present invention are 
achieved by an optical recording medium comprising: a 
substrate: a first protection layer formed on the sub- 
strate; a recording layer formed on the first protection 
45 layer; a second protection layer formed on the recording 
layer; and a reflection heat radiating layer formed on the 
second protection layer, the recording layer being of a 
phase-change type in which the recording layer is 
changed from an amorphous state to a crystal state by 
50 a temperature raising and cooling process by projecting 
a laser beam onto the recording layer, the recording 
layer having an interface portion interfaced with one of 
the first and second protection layers, the interface por- 
tion having a thermal conductivity lower than that of a 
55 remaining portion of the recording layer. 

The optical recording medium may be configured 
so that the recording layer comprises another interface 
portion interfaced with the other one of the first and sec- 
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ond protection layers, the above another interface por- 
tion having a thermal conductivity lover than that of the 
remaining portion of the recording layer. 

An optical recording medium comprising: a sub- 
strate; a first protection layer formed on the substrate; a 
recording layer formed on the first protection layer; a 
second protection layer formed on the recording layer; a 
reflection heat radiating layer formed on the second pro- 
tection layer, the recording layer being of a phase- 
change type in which the recording layer is changed 
from an amorphous state to a crystal state by a temper- 
ature raising and cooling process by projecting a laser 
beam onto the recording layer, the recording layer con- 
taining Ag. In, Sb and Te and at least one additive ele- 
ment which functions to change a thermal conductivity 
of the recording layer, a density of the at least one addi- 
tive element being varied in a thickness direction of the 
recording layer. 

The optical recording medium may be configured 
so that the at least one additive element is nitrogen. 

The optical recording medium may be configured 
so that: the recording layer has an inner portion other 
than interlace portions interfaced with the first and sec- 
ond protection layers; and the density of nitrogen con- 
tained in the inner portion is equal to or less than 2 to 1 0 
at.%. 

The optical recording medium may be configured 
so that the at least one additive element is oxygen. 

The optical recording medium may be configured 
so that the recording layer includes at least one addi- 
tional additive element which is one of Si, Al, Ca and 
Mg. 

The above objects of the present invention are also 
achieved by an optical recording medium comprising: a 
substrate; a first protection layer formed on the sub- 
strate: a recording layer formed on the first protection 
layer; a second protection layer formed on the recording 
layer; and a reflection heat radiating layer formed on the 
second protection layer, the recording layer being of a 
phase-change type in which the recording layer is 
changed from an amorphous state to a crystal state by 
a temperature raising and cooling process by projecting 
a laser beam onto the recording layer, the recording 
layer having a variation in a crystallization temperature 
in a thickness direction thereof. 

The optical recording medium may be configured 
so that: the recording layer has at least one interface 
portion interfaced with one of the first and second pro- 
tection layers; and the at least one interface portion has 
a crystallization temperature higher than that of a 
remaining portion of the recording layer. 

The optical recording medium may be configured 
so that: the recording layer includes a phase-change 
substance containing Ag. In, Sb and Te, and nitrogen 
which functions to cause a variation in the crystallization 
temperature; and a density of nitrogen in the recording 
layer is varied in a thickness direction thereof so that the 
crystallization temperature is varied in the thickness 



direction. 

The above objects of the present invention are also 
achieved by an optical recording medium comprising: a 
substrate; a first protection layer formed on the sub- 

5 strate; a recording layer formed on the first protection 
layer; a second protection layer formed on the recording 
layer; and a reflection heat radiating layer formed on the 
second protection layer, the recording layer being of a 
phase-change type in which the recording layer is 

70 changed from an amorphous state to a aystal state by 
a temperature raising and cooling process by projecting 
a laser beam onto the recording layer, a crystallized 
state of the recording layer being varied in a thickness 
direction of the recording layer after an initialization. 

15 The optical recording medium may be configured 
so that the recording layer has an interface portion 
which is not crystallized as well as a remaining portion 
of the recording layer. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description when read in conjunction with 
25 the accompanying drawings, in which: 

Rg. 1 is a cross-sectional view of an optical record- 
ing medium according to a first embodiment of the 
present invention; 

30 Fig. 2 is a cross-sectional view of another optical 
recording medium according to the first embodi- 
ment of the present invention; 
Fig. 2 A is a cross-sectional view of a variation of the 
structure shown in Fig. 2; 

35 Figs. 3 A, SB and 3C are respectively cross-sec- 
tional views of other optical recording media 
according to the first embodiment of the present 
invention; 

Rgs. 4A and 4B are graphs showing advantages of 

40 the optical recording medium shown in Fig. 3C; 

Rg. 5 is a cross-sectional view of- yet another opti- 
cal recording medium according to the first embod- 
iment of the present invention; 
Fig. 6 is a cross-sectiorTal view of a further optical 

45 recording medium according to the first embodi- 
ment of the present invention; 
Rg. 7 is a cross-sectional view of an optical record- 
ing medium according to a second embodiment of 
the present invention; 

50 Rg. 8 is a cross-sectional view of another optical 
recording medium according to the second embod- 
iment of the present invention; 
Rg. 9 is a cross-sectional view of yet another opti- 
cal recording medium according to the second 

55 embodiment of the present invention; arid 

Rg, 10 is a graph showing advantages of the sec- 
ond embodiment of the present invention. 
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DETAILED DESCRIPTION 

A description will first be given of an optical record- 
ing medium according to a first embodiment of the 
present invention. s 

A first formation of the first embodiment of the 
present Invention has a multilayer structure in which a 
first protection layer, a recording layer, a second protec- 
tion layer and a reflection heat radiating layer are 
stacked on a substrate having guide grooves in that io 
order. The substrate is made of an optically transparent 
member formed of a resin of polycarbonate or the like, 
or glass, and has grooves for tracking servo. The first 
and second protection layers are made of a known die- 
lectric member such as ZnS. Si02. AIN at a given is 
refractive index. The reflection heat radiating layer is 
made of a metal or a semiconductor such as Al. Au, Ag. 
Cu. Pd. PI, Fe, Cr, Ni, Si or Ge. An alloy such as an Al 
alloy can be used to form the reflection heat radiating 
layer. A fine amount of an additive element can be con- 20 
tained in the alloy. For example, Ti or N can be added to 
the Ah alloy. The recording layer is formed of a phase- 
change recording material such as GeTe, GeTeSe, 
GeTeS. GeSeS. GeSeSb. GeAsSe. InTe. SeTe. SeAs, 
Ge-Te-(Sn. Au, Pd), GeTeSeSb. GeTeSb, Ag-ln-Sb-Te. 2S 

The recording layer has a first portion which is inter- 
faced with the first protection layer and a second portion 
which is interfaced with the second protection layer. 
Either the first or second portion of the recording layer 
or both thereof have a thermal conductivity lower than 30 
that of the remaining portion of the recording layer. In 
other words, the thermal conductivity is changed in the 
thickness direction of the recording layer. This Is real- 
ized by 1) changing the phase-change recording mate- 
rial or its composition in the thickness direction, 2) 36 
forming different formations (bulk and thin film, for 
example) in the thickness direction by changing the 
recording layer forming condition. 3) using different die- 
lectric materials in the thickness direction when distrib- 
uting the recording layer in the dielectric body (granular 40 
recording layer), or 4) changing the volume ratio of the 
recording layer in the thickness direction. 

In a second formation of the first embodiment of the 
present invention, the recording layer is made of Ag-ln- 
Sb-Te and a single or a plurality of additive elements 45 
functioning to change the thermal conductivity of the 
recording layer are added thereto. A plurality of additive 
elements can be added in composite or solid-solution 
formation. The density of the additive element or ele- 
ments is changed in the thickness direction of the so 
recording layer. More particularly, the density of the 
interface portions of the recording layer is lover than that 
of the remaining portion thereof. An arbitrary type of the 
additive element or elements and the density thereof 
can be selected as long as the optical or phase-change 55 
performance of the recording layer is tolerable. The 
thickness of the recording layer is 8 to 200 nm. The 
interface portions of the recording layer are at least 1 



nm long although the lengths of the interface portions 
depend on the length of the recording layer. 

A third formation of the first embodiment of the 
present invention is characterized in that nitrogen is 
used as the additive element in the second formation. 

A fourth formation of the first embodiment of the 
present invention is characterized in that the density of 
the portion of the recording layer other than the portion 
interfaced with the first protection layer and the portion 
interfaced with the second protection layer falls within a 
range of 2 to 10 at.%. 

A fifth formation of the first embodiment of the 
present invention is characterized in that oxygen is 
added to the additive element. 

A sixth formation of the first embodiment of the 
present invention is characterized in that Si. Al, Ca or 
Mg or a combination thereof is added in addition to the 
additive element of oxygen. 

According to the first formation of the first embodi- 
ment of the present invention, the interface portions of 
the recording layer have a low thermal conductivity and 
can be melted by a low laser power. Hence; the record- 
ing sensitivity can be improved. Since the laser power is 
relatively low. the temperatures of the first and second 
protection layers are low, and the temperature gradation 
of the thickness direction of the recording layer can be 
suppressed. Hence, the thermal shock applied to the 
protection layers can be relaxed and the repetitive 
recording performance can be improved. Further, the 
second protection layer can made thinner, and thus the 
flake-off at the interface with the second protection layer 
can be suppressed. 

According to the second formation of the first 
embodiment of the present invention, the additive ele- 
ment or elements are used to change the thermal con- 
ductivity along the thickness of the Ag-ln-Sb-Te 
recording layer. Hence it is possible to change the ther- 
mal conductivity without a great influence on the optical 
performance. Although the mechanism in which the 
thermal conductivity is changed has not completely 
been analyzed, it is considered that the additive ele- 
ment or elements serve as a bulk member to change 
the thermal conductivity and function to change the con- 
tact area with the protection layer or layers due to a 
change in the thermal conductivity caused in the inter- 
face portion or portions (for example, the thermal con- 
ductivity in the field of particles) or a change in the 
wetting performance. There may be a difficulty that the 
thermal conductivity of the interface portions can not 
directly be measured. However, if the performance of 
the optical disk resulting from the change in the thermal 
conductivity of the interface portions, such as an 
improvement in the recording sensitivity, can be recog- 
nized by adding the additive element or elements, the 
above optical disk corresponds to the present invention. 
It should be noted that wetting performance depends on 
the materials of the first and second protection layers. 

According to the third formation of the first embodi- 
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ment of the present invention, nitrogen is added to the 
Ag-ln-Sb-Te recording layer. The density of nitrogen in 
the portions interfaced with the protection layers is 
higher than the remaining inner portion of the recording 
layer. In the Ag-ln-Sb-Te-N system, scattering of nitro- 
gen in the thickness direction of the recording layer due 
to the initial crystallization and repetitive recording is not 
conspicuous, and the effect continues which keeps the 
thermal conductivity in the interface portions of the 
recording layer at a low level after a huge number of 
times that information is repeatedly recorded. Further, 
an additional advantage can be obtained in which the 
additive element or elements function to make the crys- 
tal particles of the recording layer fine. Hence, it is pos- 
sible to suppress growth of the crystal particles due to 
the repetitive recording and a flow of the recording layer 
as described in Japanese Unexamined Patent Publica- 
tion Nos. 4-11336. 4-10980. 4-10979. 4-52188 and 4- 
52188. 

According to the fourth formation of the first embod- 
iment of the present invention, the density of nitrogen in 
the portion of the recording layer other than the inter- 
face portion or portions Interlaced with the first or/and 
second protection layer is within the range of 2 to 10 
at.%. This composition area functions to suppress crys- 
tallization caused by the reproduction light. The inter- 
face portions of the recording layer have a density of 
nitrogen higher than the at>ove range. 

According to the fifth formation of the first embodi- 
ment of the present invention, oxygen is used as the 
additive element. The same advantages as those 
obtained when nitrogen is used can be obtained. Partic- 
ularly, it is possible to stably preserve the recording 
medium for a long term. 

According to the sixth formation of the first embodi- 
ment of the present invention, Si, Al, Ca or Mg or a com- 
bination thereof is added in addition to oxygen. Hence it 
is possible to stabilize the structure of the recording 
layer with respect to repetitive recording. 

A detailed description will now be given of the first 
embodiment of the present invention. 

Fig. 1 is a cross-sectional view of an optical record- 
ing medium according to the first embodiment of the 
present invention. A substrate 1 is made of polycar- 
bonate and has grooves (not shown) for tracking servo. 
A first protection layer 2 is formed on the substrate 1 . 
and is made of ZnS (80 mol%) • Si02 (20 mol%). A 
lower recording layer 1 1 is formed on the first protection 
layer 2 and is made of AglnSbTe (1 0 : 5 : 55 : 30 at.%). 
A main recording layer 12 is formed on the lover record- 
ing layer 1 1 and is made of AglnSbTe (10 : 15 : 45 : 30 
at.%). The lower recording layer 11 and the main 
recording layer 12 form a recording layer 10 having a 
reversible change between the crystal phase and the 
amorphous phase. A second protection layer 3 made of. 
for example, A!N. is formed on the main recording layer 
12. and a reflection heat radiating layer 4 made of Al-Si 
is formed on the second protection layer 3. An environ- 



ment protection layer can be added to the layer 4, as 
necessary. The lover recording layer 11 is interfaced 
with the first protection layer 2, and has a thermal con- 
ductivity lower than that of the main recording layer 12. 

£ The thicknesses of the layers are as follows. The 

first protection layer 2 is 30 - 300 nm thick, and is opti- 
mized taking into consideration an optical interference. 
The thicknesses of the reflection heat radiating layer 4, 
the second protection layer 3 and the lower recording 

10 layer 1 1 are selected go as to correspond to a given 
recording linear velocity and obtain an appropriate cool- 
ing rate of the main recording layer 12. The thickness of 
the main recording layer 12 is selected so as to obtain 
an appropriate degree of modulation. For example, 

75 when the recording linear velocity is 2.8 m/s and the 
recording wavelength is 780 nm, the layers 4, 3, 1 1 and 
12 are respectively 100 nm, 40 nm. 14 nm and 20 nm 
thick. 

Fig. 2 is a cross-sectional view of an optical record- 

20 ing medium having the second formation of the first 
embodiment of the present invention. In Fig. 2, parts 
given the same names as those shown in Fig. 1 are 
given the same reference numbers. The first protection 
layer 2 formed on the substrate 1 is formed of ZnS (80 

25 mol%) • SiOs (20 mol%). The lower recording layer 1 1 is 
formed on the first protection layer 2 and is made of 
AglnSbTe (15 : 10 : 45 : 30 at.%). The main recording 
layer 1 2 is formed on the lower recording layer 1 1 and is 
made of AglnSbTe (15 : 10 : 45 : 30 at.%). An upper 

30 recording layer 13 is formed on the main recording layer 
1 2 and is made of AglnSbTe (1 5 : 1 0 : 45 : 30 at.%). The 
recording layers 11.12 and 13 form a recording layer as 
a whole. When Au is added to the recording layer 10 by 
a few to 30 at.%, the thermal conductivity thereof can be 

35 reduced. Further, the second protection layer 3 is 
formed on the upper recording layer 13, on which the Al- 
Si reflection heat radiating layer 4 is formed. An environ- 
ment protection layer 5 can be formed on the layer 4. as 
necessary, as shown in Fig. 2 A. 

40 The thicknesses of the layers shown in Fig. 2 are as 
follows. The first protection layer 2 is 30 - 300 nm thick, 
and is optimized taking into consideration an optical 
interference. The thicknesses of the reflection heat radi- 
ating layer 4. the second protection layer 3, the lower 

45 recording layer 1 1 and the upper recording layer 13 are 
selected so as to correspond to a given recording linear 
velocity and obtain an appropriate cooling rate of the 
main recording layer 12. The thickness of the main 
recording layer 12 is selected so as to obtain an appro- 

50 priate degree of modulation. For example, when the 
recording linear velocity is 2.8 m/s and the recording 
wavelength is 780 nm. the layers 4, 3, 1 1 . 12 and 1 3 are 
respectively 100 nm, 40 nm, 5 nm, 20 nm and 5 nm 
thick. According to the second formation of the optical 

55 recording medium shown in Fig. 2. the thermal corxiuc- 
tivity of the main recording layer 12 is appropriately 
raised so as to be appropriately balanced with the inter- 
face portions (layers 11 and 13). Herrce. the main 
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recording layer 12 can be as optically good as approxi- 
mately 20 nm, so that an appropriate cooling rate can 
be obtained. 

Fig. 3A is a cross-sectional view of an optical 
recording medium having the third formation of the first 
embodiment of the present invention. In Fig. 3 A, parts 
given the same names as those shown in the previously 
described figures are given the same reference num- 
bers. The first protection layer 2 formed on the substrate 
1 corresponding to the CD-RW is formed of ZnS (80 
moi%) ' SiOg (20 mol%). The lower recording layer 11. 
the main recording layer 1 2 and the third recording layer 
13 form the recording layer 10. Nitrogen (N) is added to 
the lower recording layer 1 1 and the upper recording 
layer 13. Formed the upper recording layer 13 are the 
second protection layer 3. the Al-Si reflection heat radi- 
ating layer 4 and an environment protection layer 5, 
stacked in that order. The layers 2, 4, 3, 1 1 , 12 and 13 
are respectively, 200 nm, 100 nm, 30 nm, 2 nm, 15 nm 
and 2 nm thick. 

The above layers can be formed by a sputtering 
process in an Ar gas atmosphere. When growing the 
lower recording layer 11 and the upper recording layer 
13. a nitrogen gas is introduced so that nitrogen is 
added to the layers 1 1 and 13. The nitrogen gas is intro- 
duced at 4 seem when growing the layers 11 and 13, 
and the density of nitrogen In each of the layers 11 and 
13 is approximately 10 at.%. 

Figs. 3B and 3C are respectively cross-sectional 
views of variations of the structure shown in Fig. 3A. 
The structure shown in Fig. 3B does not have the lower 
recording layer 11, and the thickness of the main 
recording layer 12 is changed to a thickness of 17 nm. 
Thus, the recording layer 10 has only the interface por- 
tion (the upper recording layer 13) that is interfaced with 
the second protection layer 3 and has a density higher 
than the main recording layer 12. The structure shown 
in Fig. 3C does not have the upper recording layer 13, 
and the thickness of the main recording layer is 
changed to a thickness pf 1 7 nm. Thus, the recording 
layer 10 has only the interface portion (the lower record- 
ing layer 11) that is interfaced with the first protection 
layer 3 and has a density higher than the main recording 
layer 12. It should be noted that recess portions in each 
layer form grooves for tracking servo. 

Fig. 4A is a graph of the 3Tjitter performance of the 
CD-RW optical recording media having the structures 
shown In Figs. 3 A, 3B and 30 after it is subjected to 
repetitive recording (the overwrite is carried out 1000 
times). Fig. 48 is a graph of the degree-of-modulation 
(11T modulation) characteristic of the CD-RW optical 
recording media having the structures shown in Figs. 
3A, 3B and 3C. The recording signal used is an EFM 
random pattern (8.64 MHz), and the recording/repro- 
ducing linear velocity is 2.8 m/s. In Figs. 4A and 4B, a 
comparative sample not having the lower and upper 
recording layers 1 1 and 13 is shown. Except the above, 
the comparative sample is produced in the same condi- 



tion as the structures shown in Figs. 3 A. 3B and 3C. It 
can be seen from the graph of Fig. 4B that the degree of 
modulation of each of the structures shown in Figs. 3A, 
3B and 3C obtained at the recording linear velocity 2.8 

5 m/s Is greatly improved as compared with the compara- 
tive sample which does not have the layers 11 and 13. 
That is, a reduced recording power can be used to 
obtain the same degree of modulation as that obtained 
by the comparative sample (prior art). In other words, 

70 the structures shown in Figs. 3A, 3B and 30 have a sen- 
sitivity higher than that of the comparative sample. It can 
be seen from Fig. 4A that the jitter performances of the 
structures shown in Figs. 3A. 3B and 30 are greatly 
improved, as compared with the jitter performance of 

IS the comparative sample. That is, the repetitive record- 
ing performance is improved. 

When the density of nitrogen added to the lower 
and/or upper recording layer 1 1 and/or 13 is equal to or 
higher than 15 at.%, a conspicuous change in the ther- 

20 mal conductivity of the interface portion (portions) of the 
recording layer 10 can be obtained. Hence, the cooling 
profile of the recording layer 10 is improved and the 
degree of modulation is improved. Further, as an addi- 
tional effect due to the additive element(s), the crystalli- 

25 zation of the interface portion can be suppressed in the 
normal recording and erasing process. As a result, a 
damage of the interface portions due to the crystalliza- 
tion/amorphous cycle, and the formation of the interface 
portions can be stabilized. Hence, a flow and flake off of 

30 the recording layer along the interfaces can be sup- 
pressed, and the repetitive recording performance is 
highly improved. 

In the third formation of the first embodiment of the 
present Invention, the density of nitrogen can be gradu- 

35 ally changed in the thickness direction of the recording 
layer 10. 

Fig. 5 is a cross-sectional view of an optical record- 
ing medium having the fourth formation of the first 
embodiment of the present invention. Iri Fig. 5, parts 

40 given the same names as those shown in the previously 
described figures are given the same reference num- 
bers. The first protection layer 2 made of ZnS (60 
mol%) 'ZnO (30 mol%) • Si02 (10 mol%) is formed on 
the polycarbonate substrate 1 . The main recording layer 

45 12 and the upper recording layer 13 are stacked on the 
first protection layer 2 in that order. The density of nitro- 
gen in the main recording layer 12 is lower than that in 
the upper recording layer 13 but is equal to or greater 
than 2 at.%. Further, the second protection layer 3 

50 made of AIN, the reflection heat radiating layer 4 made 
of Al-Ti, and the environment protection layer 5 are 
stacked in this order. The crystallization of Ag-ln-Sb-Te 
in the portion of the main recording layer 12 having a 
nitrogen density higher than 2 at.% lis suppressed, and 

55 a degradation of the recording state caused by project- 
ing the beam at the time of recording can be effectively 
suppressed. If the density of nitrogen is excessive, it will 
be difficult to erase (crystallize) information at the time 



6 



: <EP 0828245A2_I_> 



11 



EP 0 828 245 A2 



12 



o1 recording. In view of the initial crystallization, it is pref- 
erable that the main recording layer 12 can easily be 
crystallized. It is also preferable that the density of nitro- 
gen is low in order to improve the productivity of the 
medium initialization. With the above in mind, the appro- 
priate density of nitrogen falls within the range of 2 at.% 
to 10 at.%. The addition of nitrogen to the main record- 
ing layer 12 produces an appropriate change in the ther- 
mal conductivity thereof. 

Fig. 6 is a cross-sectional view of an optical record- 
ing medium having the fifth formation of the first embod- 
iment of the present invention. In Fig. 6, parts given the 
same names as those shown in the previously 
desaibed figures are given the same reference num- 
bers. The first protection layer 2 made of 2nS (80 
mol%) • SiOg (20 mol%) is formed on the polycarbonate 
substrate 1 having the guide grooves (not shown). The 
main recording layer 12 and the upper recording layer 
13 forming the recording layer 10 are stacked on the 
first protection layer 2 in that order. Oxygen is added to 
the main recording layer 12 and the upper recording 
layer 13. The second protection layer 3 made of AIN. the 
reflection heat radiating layer 4 made of Al-Ti and the 
environment protection layer 5 are stacked on the upper 
recording layer 13 in that order. Due to the effect of oxy- 
gen in the upper recording layer 1 1 , the thermal conduc- 
tivrty can be decreased. Although the mechanism of the 
function of oxygen is not completely understood, the 
recorded state can be stabilized for a long term due to 
the function of oxygen. Adding Si, Al, Ca or Mg or a 
combination thereof functions to stabilize the formation 
of the recording layer 10 in the thickness direction 
thereof when the recording is repeatedly carried out. 

A description will now be given of an optical record- 
ing medium according to a second embodiment of the 
present invention. The second embodiment of the 
present invention is characterized in that the crystalliza- 
tion temperature of the recording layer is changed in the 
thickness direction of the recording layer. The term 
"crystallization temperature" of the recording layer 
includes a crystallization temperature at which the initial 
crystallization occurs and a crystallization temperature 
at which an amorphous phase formed by rapidly cooling 
the recording layer after the initial crystallization is com- 
pleted is changed to the crystal phase. The crystalliza- 
tion temperature of the recording layer can be changed 
by the composition of the phase-change substance 
thereof, a variation in the additive element(s) in the 
thickness direction, or a variation in the formation of the 
recording layer such as the size of particles in the thick- 
ness direction. A change in the crystallization tempera- 
ture of the recording layer can be realized by stacking 
recording layers having different crystallization temper- 
atures or employing a structure in which the crystalliza- 
tion temperature is gradually changed in the thickness 
direction. 

According to a first formation of the second embod- 
iment of the present invention, the variation in the crys- 



tallization temperature in the thickness direction is 
made to correspond to a temperature distribution 
caused when the laser beam is projected onto the 
recording layer. Hence, the recording layer can be effec- 

5 tively and efficiently crystallized when overwriting. Fur- 
ther, the recording layer is crystallized at different 
timings in the thickness direction, and large crystal par- 
ticles can be prevented from being grown. As a result, a 
mark in which the contour is definite can be formed and 

70 the overwrite performance can be improved. When the 
temperature profile in the thickness direction of the 
recording layer is taken into account, a portion of the 
recording layer which reaches the highest temperature 
is arranged to have a high crystallization temperature. 

75 Hence, it is possible to prevent the amorphous phase 
from being changed to the crystal phase when project- 
ing the reproduction light thereon. When the tempera- 
ture profile caused by the erasing light and the cooling 
rate are taken into account, the profile of the crystalliza- 

20 tion temperature of the recording layer can be arranged 
to obtain good erasing performance in the direction par- 
allel to the surface of the recording layer. 

According to a second formation of the second 
embodiment of the present invention, the crystallization 

25 temperature of the interface portion or portions of the 
recording layer interfaced with the protection layer or 
layers is made higher than the remaining portion of the 
recording layer. In this case, the crystallization of the 
interface portion or portions of the recording layer after 

30 the initialization does not progress as compared with 
the other portion of the recording layer. Hence, when 
the recording/erasing operation is repeatedly carried 
out at a relatively low recording linear velocity, the inter- 
face portion or portions of the recording layer are not 

35 completely crystallized, as compared with the remain- 
ing inner portion thereof. That is, it is difficult for the tran- 
sition between the crystal phase and the amorphous 
phase to occur in the interlace portion or portions of the 
recording layer, so that only a relatively small change in 

40 the state of the interface portion or portions of the 
recording layer is caused due to the repetitive recording. 
Hence, the formation of the interface portion or portions 
of the recording layer can be stabilized, and the growth 
of large crystal particles can be suppressed. As a result. 

45 the overwrite performance can be improved. 

According to a third formation of the second 
embodiment of the present invention, nitrogen is added 
to change the crystallization temperature of the record- 
ing layer in the thickness direction. In tiie first embodi- 

50 ment of the present invention, nitrogen is used to 
change the terminal conductivity of the recording layer. 
That is. nitrogen functions to change not only the ther- 
mal conductivity of the recording layer in the thickness 
direction but also the crystallization temperature thereof 

55 in the thickness direction. Nitrogen can be added to the 
recording layer by including a nitrogen gas in the gas 
atmosphere of Ar or the like when forming the recording 
layer by sputtering or the like. In this process, the den- 
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sity of nitrogen can be changed in the thickness direc- 
tion o1 the recording layer by controlling the flow rate of 
the nitrogen gas or the growth rate. In this case, a single 
target can be used in the growth process. The Ag-ln-Sb- 
Te recording layer has an inaeased crystallization tern- 5 
perature with nitrogen added. Hence, it Is easy to form 
the recording layer so that the interface portion or por- 
tions thereof have a density of nitrogen higher than that 
of the remaining Inner portion thereof. Hence, the repet- 
itive recording performance at a relatively low recording 
linear velocity can be Improved. 

Fig. 7 is a cross-sectional view of an optical record- 
ing medium according to the second embodiment of the 
present invention. In Fig. 7, parts that are the same as 
those shown In the previously described figures are 
given the same reference numbers. A recording layer 
100 having a multilayer structure is formed on the first 
protection layer 2. The recording layer 100 Is formed of 
AglnSbTe. The recording layer 100 is made up of first 
layers 110 and second layers 120, which are alternately 
stacked. In the structure shown in Fig. 7. two first layers 
110 and two second layers 120 are alternately stacked. 
The first layers 110 have a crystallization temperature 
higher than that of the second layers 120. Hence, the 
different crystallization timings can be obtained in the 
thickness direction of the recording layer 100. Hence, 
the growth of crystal particles can be suppressed and 
the overwrite performance can be improved. The prefer- 
able length of the recording layer 100 Is 15 to 40 nm 
when the recording wavelength is equal to 780 nm. The 
thicknesses of the layers 2. 3 and 4 are optimized taking 
Into the optical performance, the shape of the guide 
grooves, the thermal characteristic and/or the mechani- 
cal characteristic thereof. 

It Is possible to arrange the recording layer 100 so 
that the difference In the crystallization temperature 
between the first layers 1 10 and the second layers 120 
occurs after the recording layer 110 is initialized. In this 
case, the recording layer 100 is not completely crystal- 
lized during the initializing process, but different crystal- 
lized states are made available In the thickness 
direction after the Initialization process. This is directed 
to avoiding the difference between the performance 
obtained when Information Is recorded for the first time 
and the overwrite performance (degree of modulation 
and jitter) obtained thereafter. The above initialization 
can be realized by rapidly cooling a portion of the 
recording layer 100 at a given high cooling rate to 
change the portion to the amorphous state after the 
crystallization. Alternatively, the recording layer 100 Is 
partially crystallized at a relatively low initialization tem- 
perature at a cooling rate lower than that at which the 
recording layer 100 is changed to the amorphous state. 
In the latter method, the initial crystallization is per- 
formed so that the incompletely crystallized portion 
remains. In either method, the different crystallized 
states corresponding to the difference in the crystalliza- 
tion temperature are formed in the thickness direction of 



the recording layer 100, and the difference between the 
performance obtained after the initial write and the over- 
write performance obtained on and after the second 
write can be avoided. 

In practice, the environment protection layer can be 
provided on the reflection heat radiating layer 4. 

Fig. 8 Is a cross-sectional view of another optical 
recording medium according to the second embodiment 
of the present invention. In Fig. 8, parts that are the 
same as those shown in Fig. 7 are given the same ref- 
erence numbers. The protection layers 2 and 3 are 
made of ZnS (80 mol%)*Si02 (20 mol%), and the 
reflection heat radiating layer 4 is made of AI-SI. 

The recording layer 100' shown in Fig. 8 is made up 
of the two first layers 110 each made of AglnSbTe (5 : 
10 : 55 : 30 at.%), and the second layer 120 made of 
AglnSbTe (5 : 5 : 62 : 28 at.%). The first layers 110 
between which the second layer 120 Is sandwiched has 
a crystallization temperature higher than that of the sec- 
ond layer 120. The above structure of the recording 
layer 100 is suitable for the recording at the low record- 
ing linear velocity. 

The thickness of the first protection layer 2 is 
selected by taking into account an optical interference 
and is equal to 30 to 300 nm. The thicknesses of the lay- 
ers 4. 3, 110 and 120 are respectively determined tak- 
ing into account a given recording linear velocity. Hence, 
an appropriate cooling rate of the second recording 
layer 120 can be obtained, and an appropriate degree 
of modulation can be obtained. For example, when the 
recording linear velocity id 20.8 m/s and the recording 
wavelength is equal to 780 nm, the layers 4. 3, the layer 
110 adjacent to the layer 2, the layer 120. and the layer 
110 adjacent to the layer 3 are respectively 100 nm. 
20nm, 5 nm, 20 nm and 5 nm. 

The recording layer 100 is made up of the first lay- 
ers 110 having a relatively high crystallization tempera- 
ture and the second layer 120 having a relatively low 
crystallization layer so that the layers 110 iand 120 are 
alternately stacked. Hence, the different crystallization 
timings can be obtained in the thickness direction of the 
recording layer 100. Hence, the growth of crystal parti- 
cles can be suppressed and the overwrite performance 
can be improved. 

Hence, when the recording/erasing .operation is 
repeatedly carried out at a relatively low recording linear 
velocity, the first recording layers 110 are not completely 
crystallized, as compared with the second layer 120. 
That Is, it is difficult for the transition between the crystal 
phase and the amorphous phase to occur In the first 
recording layers 110, so that only a relatively small 
change in the state of the first layers 1 10 Is caused due 
to the repetitive recording. Hence, the formation of the 
first layers 110 can be stabilized, and the growth of large 
crystal particles can be suppressed. As a result, the 
overwrite performance can be Improved. 

In practice, the first layers 110 can be made of a 
substance different from that of the second layer 1 20. 
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A description will be given, with reference to Fig. 9, 
of yet another optical recording medium according to 
the second embodiment of the present invention. In Fig. 
9, parts that are the same as those shown in Fig. 8 are 
given the same reference numbers. The recording layer 
shown in Fig. 9 includes the two first layers 110 and the 
second layer 120 which is sandwiched between the first 
layers 110. Nitrogen is added to the first layers 110 and 
the second layer 120. The density of nitrogen in the first 
layers 110 is higher than that in the second layer 120, 
and is optimized so as to obtain a given crystallization 
temperature. The density of nitrogen in the first layers 
110 is approximately 2 - 20 at.%. and the density of 
nitrogen in the second layer 120 is approximately 0 to 
10 at.%. 

Table 1 shows the results of a DSC thermal analy- 
sis (a temperature raising rate of 10 *'C/min) of the initial 
crystallization for the Ag-ln-Sb-Te recording layer with 
nitrogen added. The density of nitrogen in the recording 
layer is increased as the flow rate of nitrogen at the time 
of growing the layer is increased. 



Table 1 



flow rate of nitrogen 


0 


0.5 


1 


crystallization temperature 


156 


187 


197 



The first layers 110 having a relatively high crystal- 
lization temperature and the second layer 120 having a 
relatively low crystallization temperature are alternately 
stacked. Hence, the different crystallization timings can 
be obtained in the thickness direction of the recording 
layer 100. Hence, the growth of crystal particles can be 
suppressed and the overwrite performance can be 
improved. 

Hence, when the recording/erasing operation is 
repeatedly carried out at a relatively low recording linear 
velocity, the first recording layers 1 10 are not completely 
crystallized, as compared with the second layer 120. 
That is. it is difficult for the transition between the crystal 
phase and the amorphous phase to occur in the first 
recording layers 110. so that only a relatively small 
change in the state of the first layers 1 10 is caused due 
to the repetitive recording. Hence, the formation of the 
first layers 1 10 can be stabilized, and the growth of large 
crystal particles can be suppressed. As a result, the 
overwrite performance can be improved. 

The above effects can easily be obtained by appro- 
priately selecting the densities of nitrogen in the first 
and second layers 110 and 120. 

Fig. 10 is a graph of the recording power depend- 
ence of the 3T jitter of the optical recording medium 
shown in Fig. 9 formed in the CD-RW formation after the 
recording is repeatedly carried out 1000 times. A com- 
parative sanrple is shown in Fig. 10 which has only the 
recording layer 110. The recording signal used is an 
EFM random pattern (8.64 MHz), and the record- 



ing/reproduction linear velocity is 2.4 m/s. The layers 2, 
4, 3. the layer 110 adjacent to the layer 3, the layer 120. 
and the layer 110 adjacent to the layer 2 are respec- 
tively 100 nm. 140nm, 20 nm. 2 nm. 17 nm and 10 nm. 
5 It can be seen from Fig. 10 that the structure shown in 
Fig. 9 has only a little recording power dependence of 
the 3T jitter, as compared with that on the comparative 
sample. 

Table 2 shows the relationship between the power 
10 for initializing the optical recording medium according to 
the second embodiment of the present invention and 
the performance thereof (the post-initialization reflection 
ratio and the jitter value/degree of modulation after the 
overwrite is carried out 1300 times). The recording 
IS power is 12 mW and the recording/reproducing linear 
velocity is 2.4 m/s. 



Table 2 



power for inKialization 


850 


900 


950 ■ 


reflection ratio (%) 


18.0 


18.6 


19.6 


jitter (ns) 


12.0 


13.5 


25.1 



25 

The source for initialization is a semiconductor laser. As 
the source for initialization is increased, the recording 
layer is sufficiently heated and initial crystallization is 
facilitated. As the initial crystallization proceeds, the 

30 reflection ratio is increased. If the reflection ratio is 
excessively increased so that the whole recording layer 
is completely crystallized, the ovenwrite performance 
will be degraded. On the other hand, the recording 
medium of the present invention has a variation in the 

35 crystallization temperature in the thickness direction, 
and thus the portions of the recording layer having a rel- 
atively high crystallization temperature are not com- 
pletely crystallized. 

The present invention is not limited to the specifi- 

40 cally disclosed emtx>diments, and variations and modi- 
fications may be made without departing from the scope 
of the invention. 



Claims 

45 

1 . An optical recording medium comprising: 
a substrate; 

a first protection layer formed on the substrate: 
50 a recording layer formed on the first protection 

layer; 

a second protection layer formed on the record- 
ing layer; and 

a reflection heat radiating layer formed on the 
55 second protection layer, 

the recording layer being of a phase-change 
type in which the recording layer is changed 
from an amorphous state to a crystal state by a 
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temperature raising and cooling process by 
projecting a laser beam onto the recording 
layer, 

the recording layer having an interface portion 
interlaced with one of the first and second pro- 
tection layers, said interface portion having a 
thermal conductivity lower than that of a 
remaining portion of the recording layer. 

2. The optical recording medium as claimed in claim 
1 , wherein the recording layer comprises another 
interface portion Interfaced with the other one of the 
first and second protection layers, said another 
interface portion having a thermal conductivity 
lower than that of the remaining portion of the 
recording layer. 

3. An optical recording medium comprising: 

a substrate; 

a first protection layer formed on the substrate; 
a recording layer formed on the first protection 
layer; 

a second protection layer formed on the record- 
ing layer; 

a reflection heat radiating layer formed on the 
second protection layer, 
the recording layer being of a phase-change 
type in which the recording layer Is changed 
from an amorphous state to a crystal state by a 
temperature raising and cooling process by 
projecting a laser beam onto the recording 
layer, 

the recording layer containing Ag, In. Sb and Te 
and at least one additive element which func- 
tions to change a thermal conductivity of the 
recording layer. 

a density of said at least additive element being 
varied In a thickness direction of the recording 
layer 

4. The optical recording medium as claimed in claim 

3, wherein said at least one additive element is 
nitrogen. 

5. The optical recording medium as claimed in claim 

4, wherein: 

the recording layer has an inner portion other 
than interface portions interfaced with the first 
and second protection layers: and 
the density of nitrogen contained in said inner 
portion is equal to or less than 2 to 10 at.%. 



6. 



The optical recording medium as claimed In claim 
3. wherein said at least one additive element Is oxy- 
gen. 



7. The optical recording medium as claimed in claim 
6, wherein the recording layer includes at least one 
additional additive element which is one of Si, Al, 
Ca and Mg. 

8. An optical recording medium comprising: 

a substrate; 

a first protection layer formed on the substrate; 
a recording layer formed on the first protection 
layer; 

a second protection layer formed on the record- 
ing layer; and 

a reflection heat radiating layer formed on the 
second protection layer, 
the recording layer being of a phase-change 
type in which the recording layer Is changed 
from an amorphous state to a crystal state by a 
temperature raising and cooling process by 
projecting a laser beam onto the recording 
layer, 

the recording layer having a variation in a crys- 
tallization temperature in a thickness direction 
thereof. 

9. The optical recording medium as claimed in claim 
8. wherein: 

the recording layer has at least one interface 
portion interfaced with one of the first and sec- 
ond protection layers; and 
said at least one interface portion has a crystal- 
lization temperature higher than that of a 
remaining portion of the recording layer. 

10. The optical recording medium as claimed in claim 
8, wherein: 

the recording layer Includes a phase-change 
substance containing Ag, In. Sb and Te, and 
nitrogen which functions to cause a variation in 
the crystallization temperature: and 
a density of nitrogen in the recording layer Is 
varied in a thickness direction thereof so that 
the crystallization temperature is varied in the 
thickness direction. 

11. An optical recording medium comprising: 



so a substrate; 

a first protection layer formed on the substrate; 
a recording layer formed on the first protection 
layer; 

a second protection layer formed on the record- 
55 ing layer; and 

a reflection heat radiating layer formed on tile 

second protection layer, 

the recording layer being of a phase-change 
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type in which the recording layer is changed 
from an amorphous state to a crystal state by a 
temperature raising and cooling process by 
projecting a laser beam orrto the recording 
layer, 5 
a crystallized state of the recording layer being 
varied in a thickness direction of the recording 
layer after an initialization. 

12. The optical recording medium as claimed in claim io 
11. wherein the recording layer has an interface 
portion which is not crystallized as well as a remain- 
ing portion of the recording layer. 
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(54) Optical recording medium 

(57) An optical recording medium includes a sub- 
strate (1), a first protection layer (2) formed on the sub- 
strate, a recording layer (10) formed on the first 
protection layer, a second protection layer (3) formed on 
the recording layer, and a reflection heat (4) radiating 
layer formed on the second protection layer. The record- 
ing layer is of a phase-change type in which the record- 
ing layer is changed from an amorphous state to a 
crystal state by a terrperature raising and cooling proc- 
ess by projecting a laser beam onto the recording layer. 
The recording layer has an interface portion interfaced 
with one of the first and second protection layers. The 
interface portion has a thermal conductivity lower than 
that of a remaining portion of the recording layer. 
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The Search Division considers that the present European patent application does not oomply with the 
requirements of unity o1 invention and relates to several inventions or groups o1 inventions, namely: 

1. Claims: 1-7 

The first group of claims is based on: 
An optical recording medium comprising a phase change 
recording layer sandwiched between two protection layers* 
for which the Nitrogen concentration changes in the 
thickness direction of the recording layer , namely is 
lower near the protective layers than in the middle of the 
recording layer(cf. p. 13, 1.10-15). 

According to the Applicant, the improved performance of this 
recording medium is alleged to the occurring thermal 
conductivity gradient of the recording layer. 

The claims are formulated as a recording layer showing a 
thermal conductivity gradient. 



2. Claims: 8-12 

The second group of claims is based on : 

An optical recording medium comprising a three-layer phase 
change recording layer sandwiched between two protection 
layers, the external sublayers of this three-layer showing a 
higher Nitrogen concentration than the middle sublayer{ cf. 
p, 36. 1.15-20) 

According to the Applicant, the improved performance of this 
recording medium is due to the different crystallisation 
temperatures of the sublayers. 

The claims are formulated as a recording layer showing a 
crystallisation temperature gradient. 
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